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ABSTRACT: 

PURPOSE: To produce a high-hardness coating film excellent in tight adhesion and 
useful as a protecting film by applying prescribed high-energy light rays to a 
hydrogenated amorphous carbon film, etc., formed on a base film and mainly composed 
of carbon and hydrogen and eliminating hydrogen without destruction of the film, 

CONSTITUTION: A film composed mainly of carbon and hydrogen is formed on a base 
film having a magnetic recording layer on the substrate by using plasma CVD method, 
ion-beam vacuum deposition method, etc. The formed film is composed of a 
hydrogenated amorphous carbon film or a diamond-state carbon film containing 15- 
35atm.% hydrogen. To the above-mentioned film formed on the base film, light rays 
having a higher energy (shorter wavelength) than that of the optical absorption 
edge of this film are applied, e.g. under vacuum or in an inert gas. Hydrogen is 
eliminated thereby without destruction of the film, thus giving the objective high- 
hardness protecting film excellent in tight adhesion. 
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ABSTRACTED-PUB-NO: JP 05004896A 
BASIC-ABSTRACT: 

A film whose main constituents are carbon and hydrogen is formed over a substrate 
surface and is irradiated with light having an energy higher than the optical 
absorption edge of the film. 

Preferably, the film consists of diamond-like carbon or hydrogenated amorphous 
carbon contg. 15-35 atom percent hydrogen. 

Specifically the film is formed without heating the substrate, through e.g. plasma 
chemical vapour deposition by feeding e.g. a gaseous hydrocarbon. 

ADVANTAGE - The film's adhesion is improved by light irradiation without affecting 
the substrate, giving a protection film of high hardness and impermeability for 
magnetic discs, magnetic heads, etc., which prevents corrosion of the substrates. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of manufacturing the coats excellent in a 
useful high degree of hardness, high adhesion, abrasion resistance, and lubricity, such as a diamond-like 
carbon film and a hydrogenation amorphous carbon film, to a magnetic disk, a magneto-optic disk, the 
surface protective coat of the magnetic head, etc. 
[0002] 

[Description of the Prior Art] Conventionally, a magnetic disk and the magnetic head are used for the 
information storage device of a computer terminal etc. as a magnetic disk drive or optical-magnetic disc 
equipment. This magnetic disk is produced by the approach of forming the magnetic substance of rare 
earth metals, such as a ferrite, iron, cobalt, nickel or these compounds, neodium, samarium, a 
gadolinium, and a terbium, or those alloys by the spatter or the applying method on bases, such as for 
example, an aluminum metal plate and plastics. In a magnetic disk drive, since a rotation halt of a 
magnetic disk is repeated in the case of use, as for the magnetic head and a magnetic disk, contact wear 
will be repeated mutually. The magnetic-recording layer (magnetic-recording medium) of a magnetic 
disk may get damaged by this contact wear, and a record error may arise. Moreover, both sides are 
influenced by the environment and it is easy to corrode a magnetic-recording layer and a magneto-optic- 
recording layer. 

[0003] Then, the protective coating is formed on the magnetic (optical MAG) record layer that such 
damage and corrosion should usually be prevented. As this protective coating, oxide or carbon film, 
such as a silicon dioxide (Si02) and an alumina (aluminum 203), etc. are used. This Si02 aluminum 
203 A protective coating can be formed with the sputtering method or a vacuum deposition method. 
Moreover, the carbon film can be formed by the plasma-CVD method, ion beam vacuum deposition, the 
sputtering method, etc. 
[0004] 

[Problem(s) to be Solved by the Invention] Especially the carbon film has small coefficient of friction by 
the high degree of hardness among above-mentioned protective coatings, and it excels in the 
nontransparent nature of gas or moisture. And this carbon film is a coat which mainly uses carbon and 
hydrogen as a principal component. However, the film which uses such carbon and hydrogen as a 
principal component had the technical problem that adhesion with a base was not necessarily enough. 
That is, even if it produced film exfoliation and formed the coat in the conventional coat, there was a 
case where a magnetic-recording layer etc. corroded. 

[0005] The purpose of this invention is to offer the approach that the coat which was further excellent 
also in adhesion with a base can be manufactured, maintaining the outstanding properties, such as a high 
degree of hardness which the film which uses carbon and hydrogen as a principal component has, and 
nontransparent nature. 
[0006] 

[Means for Solving the Problem] this invention person came to complete header this invention for it 
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being very effective to ease membranous internal stress by specific optical exposure, as a result of 
repeating examination wholeheartedly that the above-mentioned purpose should be attained. That is, this 
invention is the manufacture approach of a coat of having the process which forms on a base the film 
which uses carbon and hydrogen as a principal component, and irradiates light with energy higher than 
the optical absorption end of this film at this film. 

[0007] Conventionally, as film (carbon film etc.) which uses carbon and hydrogen as a principal 
component, carbon films, such as a diamond-like carbon film (it is hereafter described as the DLC film) 
and a hydrogenation amorphous carbon film (it is hereafter described as the a-C:H film), are known, 
these ~ the inside of the film hydrogen -- dozens atom(s)% - it contains, and when these hydrogen 
contents differ, membranous properties will also differ greatly, for example, hydrogen - more than 
50atom% -- although the included a-C:H film has a greatly transparent optical band gap, a membranous 
degree of hardness is a polymer[ comparatively low / with comparatively small internal stress ]-like 
carbon film, on the other hand hydrogen - 15 - 35atom% - although the included a-C:H film has a 
I degree of hardness very as hard as 2 mm 2000-4000kg /at Vickers hardness and its coefficient of friction 
is also as smooth as 0.2 or less - membranous internal stress — compressive stress -1010 dyn/cm2 It is 
large. It is thought that such internal stress originates in the membrane structure (integrated state of 
carbon and hydrogen) of a coat. And this internal stress has had the bad influence on the adhesion of a 
coat. By annealing a coat above 400 degrees C, in order to ease this internal stress, the hydrogen in the 
film is desorbed and it is sp3. Structure is reduced and it is sp2. The means to which structure is made to 
increase can be considered. However, if it anneals at such an elevated temperature, since it may have a 
bad influence on the film quality of the material which intervenes between the base quality of the 
material or a base, and this protective coating, it is not a suitable means. 

[0008] On the other hand, since membranous internal stress is eased by irradiating light with energy 
higher than the membranous optical absorption end in the approach of this invention, adhesion can be 
raised, without having a bad influence on a base etc. Although there is also a point unknown about the 
mechanism of reduction of the internal stress by this optical exposure, when hydrogen is dissociated in 
association of carbon and hydrogen and membrane structure changes, it is thought that membranous 
internal stress eases. 

[0009] Hereafter, the manufacture approach of this invention is explained to a detail in accordance with 
a process. 

[0010] In the approach of this invention, the film which uses carbon and hydrogen as a principal 
component is first formed on a base. As a base, the various members of glass, the ceramics, organic 
resin, and a metal which are covered with the ingredient which uses carbon and hydrogen as a principal 
component, and are used are more nearly usable than before, and especially limitation does not have 
them in this invention, for example. However, especially the case where the film which uses carbon and 
* hydrogen as a principal component is formed on this, using as a base the thing in which the magnetic 
(optical MAG) record layer was formed on the suitable base material is effective. As film which uses 
carbon and hydrogen as a principal component, DLC film and a-C:H film which were mentioned above 
can be mentioned typically, moreover, hydrogen which was mentioned above ~ 15 - 35atom% — 
especially the case where the a-C:H film and DLC film which are included are used is effective. 
[001 1] There is especially no limitation in the approach of forming the film on a base, and various kinds 
of approaches, such as a plasma-CVD method, an ECR-plasma-CVD method (it is hereafter described as 
the ECR-PCVD method), ion beam vacuum deposition, an ion beam spatter, and a plasma spatter, are 
mentioned. Moreover, as thickness, 50A - about 1 micrometer is desirable. The methane which is 
carbon-containing gas as material gas used with a CVD method etc., Hydrocarbons, such as ethane, a 
propane, ethylene, benzene, and acetylene; A methylene chloride, Halogenated hydrocarbon, such as a 
carbon tetrachloride, chloroform, and trichloroethane; Methyl alcohol, ketones [, such as alcohols, such 
as ethyl alcohol, 2(CH3) CO and 2 (C six H5) CO, ]; - CO and C02 etc. what mixed gas, such as N2, 
H2, 02, and H2 O and Ar, is mentioned to gas and these gas. 

[0012] Light with energy higher than the membranous optical absorption end is irradiated to the film 
which uses as a principal component the carbon formed on the base as mentioned above, and hydrogen. 
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Membranous internal stress can be eased by this optical exposure. Generally the optical absorption end 
of the film which uses carbon and hydrogen as a principal component is in the range of 0.4eV - 2.8eV. 
Therefore, the energy of the light to irradiate should be just higher than this. However, if the light of still 
higher energy is used, it is more more effective than the energy value near the optical absorption end. In 
addition, about the range of exposure energy, the total amount of energy required since it is desorbed 
from the hydrogen in the film (the amount of integrals of exposure light energy) poses a problem here. 
Therefore, that what is necessary is just to make it suitably the reinforcement from which the film is not 
destroyed as an exposure luminous energy consistency or power density, but the greatest hydrogen 
desorption effectiveness is acquired, since the magnitude and the spectrum of an output change with 
classes of exposure light, the magnitude cannot be specified uniformly. In addition, the total amount of 
the exposure energy on the front face of the film is 1x103 J/cm2. It is desirable that it is above. 
[0013] The light with energy higher than the optical absorption end means the light of short wavelength 
rather than the wavelength of the optical absorption end. Luminous intensity and irradiation time should 
just take the optimal value suitably. In addition, in this invention, it is desirable rather than the direction 
which luminous intensity is changed and is adjusted changes time amount. As for the ambient 
atmosphere at the time of carrying out an optical exposure, it is desirable to consider as the inside of the 
mixed gas in a vacuum, nitrogen, or inert gas, such as helium, Ne, Ar, Kr, and Xe, or more than these 
kinds. Moreover, depending on temperature, you may be among air. As the light source of exposure 
light, they are an ultrahigh pressure mercury lamp and Ar+. There is laser, helium-Cd laser, excimer 
laser, or an X line source (for example, SOR) of high energy. 

[0014] Next, the optical irradiation equipment for enforcing the approach of this invention is explained 
to a detail using a drawing. 

[0015] Drawing 1 is the typical sectional view showing an example of the optical irradiation equipment 
for enforcing the approach of this invention. This optical irradiation equipment was equipped with the 
base electrode holder 2 which installs a base 1 in the chamber 3, and is equipped with the gas feed 
system 4 for introducing desired gas into the interior of a chamber 3. And it has the excimer laser 5 of 
KrF out of a chamber 3, and this laser light is led to the aperture 8 of a chamber 3 through a lens system 
6 and a mirror 7, and it has composition which can irradiate a base 1 . The luminous energy distribution 
irradiated on this base 1 becomes uniform. Moreover, you may be the configuration which can also 
make this laser light itself scan, or the configuration that scan rotation of the base 1 can be carried out. 
[0016] Drawing 2 is the typical sectional view showing other examples of the optical irradiation 
equipment for enforcing the approach of this invention. This optical irradiation equipment is Ar+. It has 
laser 9 and has the mirror 10 which rotates this light to X shaft orientations, and the mirror 1 1 rotated to 
Y shaft orientations, and light is scanned on a base 1 and it has composition which can be irradiated all 
over a base. 

[0017] In addition, optical irradiation equipment and membrane formation equipment can be unified, 
and the membrane formation and the optical exposure process in the approach of this invention can also 
be used as the equipment carried out continuously. 
[0018] 

[Example] Hereafter, an example explains this invention to a detail further. 

[0019] an example 1 - using the ECR-PCVD equipment first shown in drawing 3 typically, as it was the 
following, the film (hydrogenation amorphous carbon film a-C:H film) which uses carbon and hydrogen 
as a principal component was formed on the base. 

[0020] The ECR-PCVD equipment shown in drawing 3 is equipment equipped with the cavity-resonator 
type plasma room 12, a gas feed system 13, the microwave installation aperture 14, a microwave 
waveguide 15, and an electromagnet 16, and installed the aluminum base 17 with which the record layer 
of a Co-nickel-P system was formed in this in the base electrode holder 18. Then, the interior was 
exhausted to lxlO-7Torr. Next, it is CH4 from a gas feed system 13. : 2.45GHz after introducing 
25sccm and setting gas pressure to lxlO-4Torr Microwave was introduced [ tubing / 15 / microwave 
installation ] from the microwave installation aperture 14 by the power of 900 W. At this time, with the 
electromagnet 16, the magnetic field was impressed and the ECR plasma was formed from the exterior 
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of the plasma room 12. 

[0021] The reinforcement of a magnetic field is the inlet port of the microwave installation aperture 14, 
and is 875gauss(es) in the outlet parts of 1500gauss and a plasma room. It considers as ECR conditions 
and they are 550gauss(es) in the location of a base 17. It was made to become. Furthermore, it is non- 
illustrated 13.56MHz. 1000A thickness formation of the hydrogenation amorphous carbon film (a-C:H 
film) was carried out on the base, without having impressed RF bias of 200 W to the base 17, and heating 
a base 17 according to RF power source. About the a-C:H film formed onUTwafer on these conditions 
here, a hydrogen content, When a film degree of hardness, coefficient of friction, and internal stress are 
evaluated, a hydrogen content (ERDA (Elastic Recoil Detection Analysis) estimates) is about 25 atom 
(s)%. 2000kg (it evaluates with a Knoop hardness meter) /of film degrees of hardness is [ mm ] 2. 
coefficient of friction (it measures with a pin-on disk method with an aluminum2 03-TiC alloy ball with 
a diameter of 5mm) - 0.1 ~ it is - internal stress (the optical technique (disk method) estimates) - 
2x1 0 1 0 dyn/cm2 it was . 

[0022] Next, the base (magnetic disk of a Co-nickel-P system record layer and aluminum base) which 
formed the a-C:H film in the optical irradiation equipment shown in drawing 1 as mentioned above is 
installed in the base electrode holder 2, and it is N2 from a gas feed system 4. Gas was introduced in the 
chamber 3. Succeedingly, the light (15ns of pulse width, lOOmJ / pulse repetition period 100Hz) from 
the excimer laser 5 of KrF was led to the aperture 8 by the lens system 6 and the mirror 7, and the base 1 
was irradiated for 10 seconds with the energy density of 1 mJ/cm2, When light is irradiated on these 
conditions at the a-C:H film formed on Si wafer on these conditions here and a hydrogen content, a film 
degree of hardness, coefficient of friction, and internal stress are evaluated, a film degree of hardness 
and coefficient of friction do not change, but a hydrogen content decreases to 5atom(s)%, and internal 
stress is also 6x108 dyn/cm2. It was decreasing. 

[0023] The magnetic disk (the protective coating of an a-C:H system, a Co-nickel-P system record layer, 
aluminum base) obtained by this example was excellent in the adhesion of a protective coating, in the 
antifriction trial by the pin-on disk with the ball made from TiC, even if it performed 100,000 rotations 
in dry air, neither exfoliation of the film nor generating of a blemish was seen, but coefficient of friction 
was also 0.1 or less. 

[0024] an example 2 ~ using the RF-PCVD equipment first shown in drawing 4 typically, as it was the 
following, the film (diamond-like carbon film DLC film) which uses carbon and hydrogen as a principal 
component was formed on the base. 

[0025] The RF-PCVD equipment shown in drawing 4 is equipment equipped with a reaction chamber 
19, an electrode 20, a gas feed system 21, and the exhaust air system 22, and installed the glass base 23 
with which the record layer of GdTbFeCo (RE-TM alloy) was formed in this between electrodes 20. 
Then, it is CH4 from the gas feed system 21 after exhausting the interior of a reaction chamber 19 from 
the exhaust air system 22 to lxlO-7Torr. : 50 seem, H2:15sccm installation was carried out and gas 
pressure was set to 0.015Torr(s). Next, while impressing RF power 550W according to the RF power 
source 24 between electrodes 20, to the base 23, by DC power supply 25, the negative bias of -300V 
was impressed, and where a base is heated at 200 degrees C, thick 1000 A thickness formation of the 
diamond-like carbon film (DLC film) was carried out. 

[0026] the place which evaluated a hydrogen content, a film degree of hardness, coefficient of friction, 
and internal stress by the same approach as an example 1 about the DLC film formed on Si wafer on 
these conditions here hydrogen content =20atom%, and film degree-of-hardness =2500kg/mm2, 
coefficient-of-friction =0. 1 5 and internal stress =8x109 dyn/cm2 it was . 

[0027] Next, light was irradiated using the same equipment as an example 1 to the base (magnetic disk 
of a GdTbFeCo system record layer and a glass base) which formed the DLC film as mentioned above. 
However, the spectrum of not the KrF excimer laser 5 but the light from the ultrahigh pressure mercury 
lamp of 100W was carried out to the light source, and the 365nm bright line was used. Moreover, 
exposure power flux density in a film surface was made into 20 mW/cm2, and was irradiated for 15 
hours. When light is irradiated on these conditions at the DLC film formed on Si wafer on these 
conditions here and a hydrogen content, a film degree of hardness, coefficient of friction, and internal 
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stress are evaluated, a film degree of hardness and coefficient of friction do not change, but a hydrogen 
content decreases to 8atom(s)%, and internal stress is also 7x108 dyn/cm2. It was decreasing. 
[0028] The magnetic disk (the protective coating of a DLC system, a GdTbFeCo system record layer, 
glass base) obtained by this example is excellent in the adhesion of a protective coating, and the same 
good engine performance as an example 1 was obtained. 

[0029] an example 3 the a-C:H film was first formed on the base like the example 1 . Next, the optical 
exposure was performed to the base (magnetic disk of a Co-nickel-P system record layer and aluminum 
base) in which this a-C:H film was formed, using the optical irradiation equipment shown in drawing 2 . 
The exposure approach scanned light for the light of the Ar+ laser 9 on the base 1 by X shaft- 
orientations rotation mirror 10 and Y shaft-orientations rotation mirror 11, and performed it by 
irradiating all over a base. At this time, laser is 106 W/cm2. It adjusted so that it might become power 
density, and it irradiated for 20ms. Also about the coat obtained as mentioned above, the same good 
engine performance as an example 1 was obtained. 
[0030] 

[Effect of the Invention] Since the internal stress of a coat is eased in the approach of this invention by 
irradiating light with energy higher than the optical absorption end of a coat at the coat as explained 
above, adhesion can be raised without having a bad influence on a base etc. That is, the coat obtained by 
the approach of this invention becomes what was further excellent also in adhesion with a base, 
maintaining the outstanding properties, such as a high degree of hardness which the film which uses 
carbon and hydrogen as a principal component has, and nontransparent nature. If the adhesion of a 
protective coating improves, the corrosion of the protective coating exfoliation in a magnetic (optical 
MAG) disk etc., a magnetic-recording layer, etc. can be prevented good, for example. 



[Translation done.] 
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